Abstract-Comparative analysis of the characteristics of supramolecular structures of dry and swollen cotton fibers makes it possible to differentiate structural regions accessible to water. The revealed features of water desorption from cotton cellulose (exceptionally low rates at the final stages, presence of residual moisture) are related to the removal of water, which is localized in the regions of the crystalline phase disorganized upon drying. The fact of incomplete moisture removal from cotton fibers at T < 325 K is interpreted from the stand point of the frozen molecular mobility in the microsurroundings of sorption sites, which are located at the defects of crystallites, at the final stage of the desorption process. A marked contribution from the recrystal lization of disorganized regions in the surface layer of crystallites to the thermal effect of the interaction between water and cotton cellulose at low water content is established.
INTRODUCTION
The existence of cotton cellulose and water under natural conditions as the components of an insepara ble system makes it possible to conclude that the struc ture of the given biopolymer in its swollen state is the most equilibrium structure, which is characterized by the maximum content of crystalline phase and by the minimum level of defects [1, 2] . This state of cellulose seems to be reasonable to define as the initial one for the description of structural transformations taking place in the polymer upon any variations in the water content [2, 3] .
Moisture loss in cotton fibers in the course of their processing leads to the development of contraction stresses in amorphous regions [1, 4] , and these stresses are also able to exert their deforming action on the boundary layer of the crystalline phase. X ray analysis shows that, upon drying of fibers, a certain part of the surface layer in the crystallites is initially transformed into the defect containing state and then to the amor phous state [2, 3] . Some publications have reported the possible exist ence of mesomorphic structures in cellulose, which, in the structural hierarchical organization, occupy an intermediate position between amorphous and crys talline regions [5] [6] [7] . However, the reasons for their formation, the sites of their dislocation in the cellulose matrix, and their mode of existence have not been studied yet. In our opinion, one can expect that the development of the above intermediate structures can take place in the course of drying of cotton fibers.
The objective of this work is concerned with the quantitative estimation of structural microheteroge neity in cotton fibers, which is induced in the course of their drying at 293 K, and its correlation with some specific features of the sorption-desorption behavior of cellulose at low moisture content.
EXPERIMENTAL
In this work, we studied cotton textile fabric after a complete washing cycle (alkaline boil off bleaching).
For the samples under study, X ray scattering was investigated on a DRON 3 diffractometer (Ni and Co filtered CuK α irradiation). The X ray measure ments were performed in the transmission mode when the sample and detector were rotated (the θ-2θ scheme). Compact flat samples were prepared by pressing the fabric disks at a pressure of 400 MPa, which provided the maximally possible orientation of fibers in the test samples and allowed a reliable com parative analysis [8] . The test samples were placed into a sealed cell, which was fixed on a goniometric holder for the rotation of objects and averaging of diffraction intensity.
The diffraction parameters were reduced to the unified measuring scale by their normalization with respect to the scattering intensity of the reference sam ple and the optical density of cellulose in the samples [2, 9] .
The degree of crystallinity of the initial dry samples was measured from the normalized integral value of diffuse halo using an external reference sample, which provided the spherical scattering symmetry [8] . In the case of wet samples, the degree of crystallinity was esti mated by the comparison method [10] . In this case, in our calculations, we used the integral scattering from crystallites at diffraction angles 2θ = 18.5°-26.5°, which was estimated according to [11] ; as the refer ence sample with the known degree of crystallinity, we used a dry fabric. The lateral dimensions of the crystallites were esti mated according to [2] .
Desorption measurements were performed using the method of vacuum gravimetry on a quartz spring.
The integral thermal effects observed upon the interaction of cotton fibers with water at 293 K were studied on a liquid adiabatic calorimeter; its setup and the technique for the preparation of the test samples are described in [12] .
RESULTS AND DISCUSSION
Sorption processes in cellulose are traditionally analyzed in terms of the two phase model for its orga nization when the supramolecular structure of this biopolymer is presented as a set of sorbing amorphous regions and crystallites which are inaccessible to reagents. However, accounting for only one parame ter, the degree of crystallinity, is insufficient to explain all the features of the sorption-diffusion behavior of cellulose in the processes of its interaction with water.
The table lists the experimental parameters of the supramolecular structure of the fibers under study in different states. The key aspect of this analysis is con cerned with the selection, as a reference point, of not a dry sample as in the traditional practice, but swollen cotton cellulose, in which the structure happens to be most equilibrium [2] . When the samples are dried, the content of amorphous regions in the cellulose increases by a factor of 1.4 (by 9%) and reaches 31%. Taking into account earlier results [2, 3] , one can con clude that the observed gain is related to the amor phization of the surface layer of crystallites. By their structural organization, these regions, in which a strict three dimensional order is disturbed only under the action of internal stresses, can differ from the amor phous regions formed under natural conditions. To define the structural specifics of these structures, the coinage "X ray amorphous" seems to be justified. Their existence is responsible for the structural micro heterogeneity of dry cotton cellulose even within the limits of its amorphous phase.
Under the action of contraction stresses, the level of imperfection of crystallites also increases [2, 3] . The above phenomena (amorphization and reduced level of perfection in the surface layer of crystallites) can be characterized as a process of disorganization of the crystalline phase, which entails a partial loss of strict three dimensional order. Correspondingly, "X ray amorphous" structures and defects in crystallites formed upon drying can be treated as disordered regions of the crystalline phase. In our opinion, in the quantitative respect, loss in the long range order upon drying fully reflects changes in the lateral dimensions of crystallites L 002 , which are also sensitive to varia tions in the content of crystallites and to changes in their level of imperfection.
The possibility of this quantitative estimation is also controlled by the specific features of the structure of the crystalline lattice in cellulose, in which the action of applied stresses can maximally manifest itself in the direction perpendicular to plane 002 [2, 3] .
Calculations of the data presented in the table show that, after drying, the dimensions of the crystallites decrease by 17.5%. With account for the degree of crystallinity of the swollen cotton cellulose (78.0%) and the above mentioned features of its crystalline lat tice, this change in L 002 should correspond to a decrease in the content of crystallites in the polymer by at least 13.9%. This value (estimated with an accu racy of ±0.4%) characterizes the content of disordered regions of the crystalline phase in the dried cotton cel lulose. The content of "X ray structures" is equal to 9%; the fraction of defects in the crystallites is 4.9%. Therefore, there is a possible finer differentiation between structural units in dry cotton cellulose as compared to the traditional division into amorphous and crystalline regions. In our opinion, in the overall amorphous phase (31%), it seems expedient to differ entiate "X ray regions" (9%) as independent struc tural units; in the crystalline phase (69%) the defect parts should be so considered (4.9%). According to this analysis, in dry fibers, the overall content of regions which are characterized by the absence of any three dimensional order and which, as a result, are accessible to water molecules, is equal to 35.9 ± 1.1%. This value agrees fairly well with the quantitative esti mation of the accessible part of hydrogen bonds in cot 
